technique was modified and developed by Hirabayashi and the double-door laminoplasty technique by Kurokawa (5, 20) . Although cervical laminoplasty is a motion-preserving procedure, several studies have reported some complications and problems such as axial neck pain, kyphotic deformity, and reduction of cervical range of motion (ROM) on long-term follow-up (6, 8, 20) .
In recent procedures, preservation of muscle attachments is a new and important development for the laminoplasty technique to reduce axial neck pain and restriction of cervical ROM. They all reach the consensus that protection of muscle attachments positively contributed to the reduction of pain and ROM (17, 19, (30) (31) (32) (33) (34) (35) 38) .
Despite wide clinical experience about laminoplasty, the efficacy of and best procedure for laminoplasty remains unclear. We designed this retrospective study to evaluate the patients who underwent open-door laminoplasty with preservation of muscle attachments of C2 and C7 spinous processes for cervical spondylotic myelopathy and compared the preoperative and postoperative clinical and radiological features.
█ MATERIAL and METHODS

Patient Demographics
There were 27 consecutive patients with cervical spondylotic myelopathy. All the patients underwent the open-door laminoplasty procedure by two experienced surgeons between December 2007 and October 2013. There were 20 males (74%) and 7 females (26%). The mean age at the time of surgery was 66 years (range 45-83 years). The mean duration of the symptoms before the surgery was 14 months (range 3-42 months). The mean follow-up duration was 25 months (range 6-45 months).
At the end of the follow-up period, each patient's status was evaluated with preoperative and postoperative modified Japanese Orthopedic Association (mJOA) scores, recovery rate, ROM, lordosis angle and visual analogue scale (VAS). Also, the patients were divided into two groups and evaluated according to the magnetic resonance imaging (MRI) findings, with or without T2 signal change. There were 12 patients who had a T2 signal change in the spinal cord on MRI scan (T2-MRI (+) group) and 15 patients who did not have a signal change in the spinal cord on MRI scan (T2-MRI (-) group).
Surgical Procedures
The head was fixed with a Mayfield frame and the patient was rotated to the prone position. A posterior midline C2-C7 skin incision was made. The paravertebral muscles were dissected from the spinous processes and lamina to the facet joints, but facet capsules were preserved to avoid fusion. Muscles attached to the C2 and C7 spinous process and laminae were all protected. The supraspinous and interspinous ligaments were strictly preserved. The patient's more painful or neurologically affected side was chosen as the laminotomy side. The operating microscope was routinely used during all laminoplasty procedures. A triangle-shaped bone gutter at the medial margin of the facet joints was made at the contralateral side with a high-speed drill. The laminotomy was performed with a high-speed drill or a Number 1 Kerrison rongeur at one side. The lamina and ligamentum flavum were elevated from the open side and hinged on the other side, which decompressed and relieved the spinal cord. A titanium laminoplasty plate was used to maintain patency of the open-door laminoplasty (NewBridge laminoplasty fixation systems, Orthofix, Lewisville, USA). Foraminotomy was performed in cases of myeloradiculopathy. C5 foraminotomy was not performed routinely. Postoperatively, the patients used a soft cervical collar for 2 weeks.
Neurological Assessment
Postoperative results were evaluated by using the mJOA score (14) . Using a formula, the degree of postoperative neurological recovery was calculated as follows (5) .
Recovery rate (%)= (postoperative mJOA score-preoperative mJOA score)/(full mJOA score [18] -preoperative mJOA score) x 100.
Radiological Assessments
Preoperative and postoperative ROM, and the preoperative and postoperative lordosis angle were measured on the lateral cervical spine x-rays according to the relevant literature. The angle of cervical lordosis angle was measured between a line parallel to the posterior surface of the body of the C2 and a line parallel to the posterior surface of the body of C7 (13) . 
Statistical Analyses
RESULTS
In all patients, the mean operative time was 105 minutes (range 90-150 minutes), and the mean estimated blood loss was 355 ml (range 200-600 ml). The mean age was 66.8±8.2 years (range 45-83 years). Laminoplasty was started from the C3 level in 18 cases (66%). Laminoplasty was performed on 4 levels in 13 cases, 3 levels in 12 cases and 2 levels in only 2 cases. There were T2 signal changes in 12 cases (Table I ).
The mean preoperative mJOA scores were 12.2±2.4 and postoperative mJOA scores were 15.0±2.5. The postoperative mJOA scores were significantly higher than the preoperative mJOA scores (p<0.001). The recovery rate was 57.4% (Table  II) .
The mean preoperative VAS score was 5.6±1.4 and the postoperative VAS score was 6.2±1.9. Although the postoperative VAS score was higher than the preoperative VAS score, there was no statistically significant difference between them (p>0.05) ( Table II) .
The postoperative ROM decreased in the 22 cases, did not change in 2 cases and increased in 3 cases when compared with the preoperative ROM. The mean preoperative ROM was 35.3±5.3 (range 22-43) degrees and postoperative ROM was 34.0±6.4 (range 20-52) degrees. Although the mean postoperative ROM was lower than the preoperative ROM, there was no statistically difference between them (p>0.05) ( Table II) .
The preoperative cervical lordosis angle ranged from -10 to 37 degrees and cases with cervical kyphosis higher than -10 degrees were not operated on with this techniques. Postoperative cervical lordosis angles ranged from -15 to 30 degrees and decreased in 16 cases, did not change in 8 cases and increased in 3 cases when compared with the preoperative lordosis angle. The mean preoperative lordosis angle was 14.1°±13.5°(range -10°±37°) and postoperative lordosis angle was 12.6°±13.5°(range -15°±30°). The postoperative lordosis angle was significantly lower than the preoperative lordosis angle (p<0.05) (Table II) .
While evaluating the recovery rate according to the T2 signal change in the spinal cord on MRI scan, the mean recovery rate was 73.6 ± 25.2 in the T2-MRI (+) group and 37.1±16.8 in the T2-MRI (-) group. The recovery rate of the T2-MRI (+) group was significantly higher than the T2-MRI (-) group (p<0.05). There were no significant differences regarding the postoperative lordosis angle, ROM and mJOA scores between these two groups (Table III) .
Temporary C5 nerve root palsy had occurred on the hinged side of three patients (11.1%). All patients with C5 nerve root palsy were completely recovered within 3 months. In one patient, deep surgical site infection developed. Staphylococcus aureus was isolated from the culture material and the condition cured within six weeks using vancomycin (Kocak Farma Pharmacy and Chemical Industry, Istanbul, Turkey) treatment. One patient had a C6 screw pull-out at the second month of operation and was revised surgically. While elevating the lamina, the hinged side was broken in 2 patients and fixed with a miniplate/screw system. (11) . Some authors presented that detachment of cervical muscles, especially the semispinalis cervicis muscle attached to the C2 spina, were associated with postoperative kyphosis (12, 20) . No detachment and preservation of the deep extensor muscles to the C2 spinous process was correlated with postoperative changes in cervical kyphotic deterioration (2,12,32-34,38). Duetzmann et al. reviewed a total of 103 studies from MEDLINE. They showed that only 21 studies had statistical comparisons between preoperative and postoperative C2-C7 angles. Moreover, 28.8% of these studies reported had stable alignment, 45.0% had worse kyphosis, and 26.3% had increased lordotic curvature. They emphasized that understanding the muscle-ligament complex is important for better surgical results of cervical aligment. In our cases, the muscles attached to the C2 and C7 spinous process and the supraspinous and interspinous ligaments were strictly preserved peroperatively (2).
Hardacker et al. and Scheer et al. evaluated the cervical sagittal parameters and they found cervical lordosis angle was not occurred evident symptom until that angle decreased to -9.6 degrees (4,28). We did not operate on patients with a lordosis angle lower than -10 degrees. However, in three cases, the postoperative lordosis angle increased to over -10 degrees when compared with the preoperative lordosis angle (-8 to -12, -5 to -12, and -10 to -15 degree). In one case, the preoperative lordosis angle increased from -10 to +16 degrees. In this study, the postoperative lordosis angle was significantly lower than the preoperative lordosis angle. Protection of the C2 and C7 spinous-attached muscles during the surgery and not operating on patients with cervical lordosis lower than -10 degrees is important for maintenance of cervical lordosis after laminoplasty. Even if ROM and axial neck pain had negative effects, it did not cause a statistically significant change.
Many authors have reported axial neck pain in 27%-90% of patients after laminoplasty for cervical spondylotic myelopathy (8, 10, 23) . Causes of axial pain are still uncertain. Many studies have shown that preservation of C2 and C7 spinous processes reduced the frequency of postoperative axial neck pain (9, 10, 25, 27, 33, 34, 38) . In the present study, the mean preoperative VAS score for axial neck pain was 5.6±1.4 and the postoperative VAS score was 6.2±1.9 at the end of the follow-up period. Although the postoperative VAS score was higher than the preoperative VAS score, there was no statistically significant difference between them (p>0.05).
One reason for the relative infrequency of axial neck pain among our patients was the preservation of the semispinalis muscle insertion into C2, and the paravertebral muscles at the C7. Another factor influencing axial neck pain is the use of a cervical soft collar in the early postoperative period. This should be shortened. In the present study, the brace therapy period was limited to 2 weeks, and active sitting, standing, and ambulation were started on the postoperative first day.
The C5 nerve root is the most commonly affected nerve root after open-door laminoplasty and nerve injury usually results in motor weakness (6, 15) . The tethering of the nerve roots with posterior migration of the spinal cord may cause this
█ DISCUSSION
During the past decades, laminoplasty has become a good treatment choice for many surgeons in cases of cervical spondylotic myelopathy after the development of the open-door laminoplasty technique. There are two different mechanisms ensuring decompression of the spinal cord with the laminoplasty method. Firstly, direct local decompression of the posterior elements decreases the posterior pressure on the spinal cord. Secondly, the dorsal shift of the spinal cord moves it away from the anterior compressing factors such as osteophytes, ossified-hypertrophic ligaments and protruding discs, obtaining a total decompression effect (7).
Many modifications such as bone grafts, hydroxyapatite or other ceramic materials, allograft and titanium plates, titanium miniplates and screws have been developed to prevent this complication (2, 7, 20, 21, 39) . We have preferred titanium miniplates (Blackstone Medical Inc, USA). We achieved good results with this technique. While elevating the lamina, the hinged side was broken in only 2 patients and fixed with a miniplate/screw system. Just one patient had a C6 screw pull-out at the second month of operation and was revised surgically.
In the earliest Hirabayashi report, open-door laminoplasty was performed in 40 patients with multilevel cervical spondylotic myelopathy and most of the patients had good results. The recovery rate was 66% with the JOA scale score in this series. Many other surgeons reported similar results with JOA scores and neurological recovery rates after various techniques of laminoplasty. They reported the improvement to be stable for more than 10 years in most patients (1, 22, 29) . We found that the postoperative mJOA scores were significantly higher than the preoperative mJOA scores and the recovery rate was 57.4% in our study which is similar to the previous literature.
Although cervical laminoplasty is an effective decompressing and motion-preserving procedure, several studies have reported some complications and problems such as axial neck pain, kyphotic deformity, and reduction of cervical ROM on long-term follow-up (6, 8, 20) . In this study, although the postoperative lordosis degree was statistically lower than the preoperative lordosis degree, there was no statistically significant difference between the postoperative ROM and the preoperative ROM. Kang et al. retrospectively evaluated 20 laminoplasty patients with their preoperative and postoperative ROM and they determined factors (JOA score, duration of symptoms, disease entity, age and sex) associated with cervical ROM. They found cervical ROM was reduced after laminoplasty and there was no correlative factor that was associated with a reduction in cervical ROM (16). Duetzmann et al. presented a wide literature review about 103 laminoplasty series and noted that in all series a mean 47.3% loss of ROM was reported (2) . We found a decrease in neck flexibility after the laminoplasty procedure, but there was no statistically significant difference.
Kyphosis can develop after cervical laminoplasty in the straight or lordotic cervical spine. Iwasaki et al. reported as 8% progressive kyphotic deformity after cervical laminoplasty, problem. Patients with ossified posterior longitudinal ligament (OPLL) also have a higher risk of C5 nerve palsy (36) . Gentle elevation of the lamina may be effective for the prevention of this complication (15) . In our series, C5 nerve palsy occurred in 3 patients (11.1%) in the early postoperative period and all of them recovered within a few months. All of them were operated on four levels (C3-C6) and two had MRI T2 changes preoperatively.
Spinal cord signal changes on MRI of cervical spondylotic myelopathy patients have been correlated with preoperative and postoperative neurological condition and JOA scores. Sun et al. showed that T2-WI hyperintense MRI changes were present in approximately 80.7% of all patients and MRI parameters were significant predictors of surgical outcome (31). Nouri et al. prospectively evaluated 102 patient's MRI parameters and mJOA scores. They showed that MRI changes have a significant role in predicting the surgical outcome (24) . Similarly in our study, we also evaluated T2-WI changes on MRI. Recovery rate of the T2-MRI (-) group was significantly higher than the T2-MRI (+) group. Change of lordosis angle, mJOA scores and ROM was not evident postoperatively between two groups.
█ CONCLUSION
Laminoplasty has become an effective treatment method for many cases of cervical spondylotic myelopathy after the development of the open-door laminoplasty technique. The patients with preoperative MRI changes in the spinal cord have worse post-laminoplasty outcome and neurological condition. Protection of the anatomical structures around the cervical spine such as the muscles attached to the C2 and C7 spinous process, and the supraspinous and interspinous ligaments provides better results regarding ROM and cervical axial pain.
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